As previously shown, purified 14S RNA of mouse myeloma MOPC-41 forms a single peak on sucrose gradients and gel electrophoresis and codes for a single polypeptide chain, the immunoglobulin light chain produced by the same myeloma in vivo. This 14S mRNA was used for the enzymatic synthesis of DNA (cDNA) which is complementary to the RNA template. A DNA fraction was isolated which has an average size of 300 nucleotides. A large body of evidence indicates that the variable (V) and the constant (C) regions of immunoglobulin chains are coded by separate V and C genes (1). These two polypeptide sequences, however, are not synthesized separately. The mRNA of light chain can direct the synthesis of complete light chain in heterologous systems (2, 3). Studies on the structure of light chain mRNA indicate that the sequences coding for the V and the C regions are on the same RNA molecule (4).
was used for the enzymatic synthesis of DNA (cDNA) which is complementary to the RNA template. A DNA fraction was isolated which has an average size of 300 nucleotides. Kinetic studies of the hybridization of the 14S RNA with the cDNA indicate that about 40% of the RNA consists of a single RNA sequence. From the size of the cDNA fraction and from the direction of DNA synthesis, it can be concluded that the cDNA includes the sequence complementary to the constant region of light chain mRNA. This radioactive cDNA was used for DNA. DNA reannealing experiments with unlabeled DNA from mouse liver or myeloma tumor in 3 X 106-fold excess. This allowed the determination of the number of copies in the mouse genome of those sequences represented in the cDNA. The data show no significant reiteration in either liver or myeloma DNA and suggest that the gene coding for the constant part of immunoglobins is present in the haploid genome in one to five copies. Furthermore, this gene is not "amplified" in nuclear DNA of myeloma plasmocytes.
A large body of evidence indicates that the variable (V) and the constant (C) regions of immunoglobulin chains are coded by separate V and C genes (1) . These two polypeptide sequences, however, are not synthesized separately. The mRNA of light chain can direct the synthesis of complete light chain in heterologous systems (2, 3) . Studies on the structure of light chain mRNA indicate that the sequences coding for the V and the C regions are on the same RNA molecule (4) .
The major theories which have been proposed to explain the generation of diversity of immunoglobulin genes (see ref. 1) allow important predictions concerning the number of immunoglobulin genes in the genome of germ line cells or of various types of somatic cells. The availability of radiolabeled complementary DNA (cDNA), synthesized enzymatically from 14S light chain mRNA and containing sequences complementary to the C gene of immunoglobulins (2, 5) , makes possible a kinetic study of its-annealing with unlabeled cellular DNA in large excess (6) . This allows a Abbreviations: V and C, variable and constant regions, respectively, of (NIH) and maintained in this laboratory for several years. The preparation of polysomes, extraction of polysomal RNA, fractionation of polysomal RNA by poly(dT)-cellulose chromatography, and isolation-of the 14S mRNA peak coding for MOPC-41 light chain were performed as described earlier (2, 7) with the following modifications: Polysomes at a concentration of 20 A260 units/ml were incubated with Proteinase K (Merck, chromatographically pure) (100 gg/ml)) and Na dodecyl sulfate (0.2%) (KCl, final concentration of 20 mM) for 15 min at 00. The poly(A)-rich RNA was dissolved in H20 (1 mg/ml), heat denatured for 10 min at 650 and chilled immediately to 00. It was then adjusted to 5 mMI Na acetate, pH 5, and 400-,ul aliquots were fractionated on linear 5-20% (w/v) sucrose gradients, containing 5 mM Na acetate, pH 5, in a Spinco SW 41 rotor for 16 hr at 40,000 rpm and 20. The 14S RNA peak was refractionated on a second gradient under identical conditions. Enzymatic synthesis of cDNA from the purified 14S mRNA peak has also been described (5) .
Preparation of DNA from Liver and MOPC 41 M1yeloma Nuclei. Nuclei were prepared according to Blobel and Potter (8) except that after the first sedimentation, nuclei were treated with the detergent NP-40 (1%) before the centrifugation over a cushion of 2.2 M sucrose. Packed nuclei (3 ml) were suspended in 100 ml of 0.15 M NaCl, 0.015 M Na citrate, pH 7.5, and 19 ml of 10% Na dodecyl sulfate. They were then incubated with Proteinase K (100 Ag/ml) for 4 hr at 45°.
Repeated extractions with phenol-chloroform and digestions with RNase were done as described (9) , except that Pronase was replaced by Proteinase K. Following ethanol precipitation and resuspension (10 A260 units/ml) in 50 mM Tris -HCl, pH 7.6, 15 mMi NaCl, the DNA was sonicated in ice with a Branson sonicator at maximum energy for 3 min using 15-sec pulses. Sonicated DNA was treated with Chelex (Biorad) and precipitated with 2 mRNA. Based on the above information, about 200 nucleotides in the 14S mRNA still remain unaccounted for in both function and location. As shown in Fig. 2 (question marks) these could be on the 5'-and/or on the 3'-side of the sequence specifying the light chain polypeptide. The degree of homogeneity of the 14S RNA was estimated from RNA -cDNA hybridization experiments ill which the kinetic complexity of the RNA was measured (see ref. 13 ). As standard, with an assumed purity of 100%, we used rabbit hemoglobin (Hb) lOS mRNA prepared with a poly(dT)-cellulose purification step in addition to the usual .purification procedure (14) .
DNA complementary to the lOS Hb mRNA was synthesized enzymatically (5 t The homogeneity of the mRNAs was estimated from the differences between analytical and kinetic complexity (13) .
§ Rabbit Hb mRNA was purified as described, with the use of a poly(dT)-cellulose chromatography step (14) . ¶ Duck Hb mRNA was purified as described (15) , including separation by polyacrylamide gel electrophoresis. The cDNA as kinetic standard have confirmed that value (unpublished observation). From the translation of 14S RNA into L chain exclusively (2, 3) it can be assumed that L-chain mRNA is the main species and represents 40% of 14S RNA.
If all the RNA sequences which contain poly(A) are transcribed equally well into cDNA, it can be inferred that 40% of the cDNA synthesized from this RNA consists of L-chain DNA sequences.
Properties of the cDNA. The synthesis of DNA with avian myeloblastosis virus RNA-dependent polymerase, using oligo(dT) as primer and 14S light chain mRNA as template has been described in detail earlier (5) . The cDNA was fractionated on an alkaline sucrose gradient and DNA larger than 100 nucleotides was rerun on a second gradient as shown in Fig. 1 . This cDNA has an average size of 300 nucleotides (measured as described in Aethods) and about 85% of the labeled DNA is between 150 and 450 bases long. It was used in the hybridization experiments. Hybridization of the cDNA with the 14S mRNA template demonstrated the complementary nature of the DNA synthesized (5) . No hybridization above background is detected with hemoglobin lOS mRNA or 18S or 28S ribosomal RNA (5). The length of the poly(A) sequence transcribed into poly(dT) was determined. cDNA (average chain length 300 nucleotides) labeled only with dTTP (23.7 Ci/mmole) was hybridized in 0.3 M NaCl, 40 mM Tris . HCl, pH 7.5, for 1 hr at 650 with a large excess of poly(A) (400 jg/ml). The hybrids were digested with Si nuclease from Aspergillus oryzae as described (5) . The resulting SI-resistant hybrids were denatured by alkali and the length of the labeled poly(dT) portion was determined on alkaline sucrose gradients (see Methods). An average length of about 25 nucleotides was found, which includes the primer as well as the poly(dT) copied from the poly(A) region of the mRNA (7). From the above data it can be concluded (see Discussion and Fig. 2 ) that the cDNA fraction used in the hybridizations corresponds to most or all of the C-region of light-chain mRNA.
Hybridization of cDNA with Excess Cellular DNA. The kinetics of reannealing of sonicated cellular DNA and ['H]-cDNA (see Fig. 1 ) were followed as a function of Cot (moles of nucleotides per liter X time in sec) according to the method of Britten and Kohne (6) . A ratio of cellular DNA to ['H]-cDNA of 3.0 X 106 was employed. All DNAs used were nearly the same size as the ['H]cDNA (see Fig. 1 ) and no corrections of Cot values for any size difference of the reassociating DNA were therefore necessary (18) . The duplexes formed were separated from the unannealed single-stranded DNA by hydroxyapatite chromatography (6), or measured by their resistance to digestion with single-strand nuclease Si (17) . At Cot values, greater than 104, about 90% of the unlabeled mouse cellular DNA was in duplex structures, as judged from the elution from hydroxyapatite column (Fig. 3) . About 75% of the ('H)cDNA was also eluted as a duplex structure under the same conditions. At Cot values lower than 1, approximately 30% of the mouse-cellular DNA has reannealed. This fraction corresponds to the rapidly reassociating sequences of satellite DNA and the intermediate re- Fig. 3 except that only the samples with a DNA concentration of 7.5 mg/ml were used. Incubated samples were chilled, diluted into 0.5 ml of S1 nuclease buffer (17) , and 30 units of purified S1 nuclease from Aspergillus oryzae were added (17 (Fig. 4A and B) it was found again that the kinetics of hybridization of cDNA to liver DNA or to myeloma DNA were similar and with a single transition, although the absolute COtl/2 value was slightly different with the two assays. As expected, the percentage of the input [3H]cDNA which is scored in duplex with the S1 assay is lower. DISCUSSION It is first important to establish that the cDNA used in these experiments does indeed contain sequences complementary to the C gene of immunoglobulins. The 14S RNA from which cDNA is synthesized is homogeneous in size and is translated into a single polypeptide chain in two different systems (2, 3). However, this RNA fraction is not made of a single RNA sequence. The kinetics of mRNA/cDNA hybridization ( Table  1 ) have shown that in the 14S RNA fraction prepared from sucrose gradients, the main RNA species represents 40% of the RNA. The translation studies with 14S RNA indicate that light-chain mRNA is the main RNA sequence of 14S RNA and it can be assumed that this holds for the cDNA as well. The important point is that, in a situation where the data show no reiteration, this contamination of cDNA with nonlight-chain sequences does not affect the interpretation of the data. However, if the hybridization experiments had indicated gene reiteration, the relative impurity of light-chain mRNA and cDNA would have made it difficult to attribute this reiteration specifically to the light-chain gene.
The average size of the cDNA is 300 bases, with 85% included within a range of 150 to 450 bases. When a hybrid formed with cDNA in excess and 14S mRNA labeled with 125J was digested with RNase, 45% of the RNA was found to be protected by the cDNA, corresponding to a length of about 450 nucleotides (unpublished observations). Only about 25 nucleotides of the eDNA represent the oligo(dT) primer and transcripts of the poly(A) sequence of the mRNA. The shortness of this piece is probably due to the 5-fold molar excess of primer used in these experiments. Only primer molecules situated close to the 5' end of the poly(A) sequence can lead to a large sized product, while other initiation sites within the poly(A) lead to only small fragments. The direction of synthesis [from the poly(A) sequence towards the 5' end] and the arrangement of the constant and the variable region within the mRNA (Fig. 2) indicate that the growing cDNA chains consist mainly of the C-region (320 bases), and only in the case of longer cDNA molecules of the V-region. The location of the 200 untranslated bases is, in this respect, important. If many of these bases are located between the poly(A) and the C-region, the cDNA preparation does not include V-region sequences. Even if all of the untranslated bases are on the 3' side, more than 75% of the cDNA includes enough of the C-region to hybridize with C genes. On the other hand, if all of the untranslated bases are on the 5' end of light-chain mRNA, all light-chain-specific eDNA molecules longer than 400 bases (about 20% of the cDNA mass) would include, in addition to the C-region, enough of the Vregion to form stable duplexes with V genes. Thus, it can be concluded that the cDNA prepared from MOPC 41 light chain mRNA includes a large portion, and possibly all, of the C-region and is therefore suitable for a determination of the number of kappa C genes. Moreover, depending on the location of the untranslated nucleotide sequence of light-chain mRNA, the data obtained with cDNA might also be extended to apply to the V gene. When the radiolabeled eDNA described above is used to determine the number of copies of these sequences (19, 20) . Because sonicated cellular DNA consists of randomly cut fragments, which are of polydisperse length (as in the case of the cDNA), the DNA. cDNA duplex formed will contain a significant amount of nonpaired [3H I-cDNA tails. Therefore, the percentage of cDNA annealed in duplex, as measured by the hydroxyapatite assay, will be overestimated. As expected, the percentage of cDNA in duplex is lower with the Si-nuclease assay (Fig. 4) . A similar observation has been made in the case of Hb cDNA (21) . Our hybridization data (Figs. 3 and 4) (Fig. 3) . It can, therefore, be concluded that the C gene (kappa type) of immunoglobulins is not present in the mouse genome in more than very few copies. These data provide direct experimental evidence for this situation and rule out any model for the generation of antibody diversity involving multiple C genes (22, 23) . The experimental data would also apply to the V gene if the untranslated nucleotide sequences of light chain mRNA are found to be located on the 5' end. It has recently been reported that mRNA of amphibians (24) and of slime mold (25) contains short sequences which are highly reiterated in the genome. In the case of light-chain mRNA, it can be concluded that if any of the nontranslated sequence is located on the 3' side of the C region (see Fig. 2 ), it is not present in multiple copies in the mouse genome, since such a sequence would be included in the cDNA fraction used in the hybridization experiments (Fig. 3) .
Another conclusion from our data is that the differentiated plasmocyte, a cell highly specialized in the synthesis of immunoglobulin chains, does not possess a larger number of genes for these proteins than do unspecialized cells. This indicates that a process of amplification of immunoglobulin genes in plasmocyte nuclei is not taking place.
Note Added in Proof. Recent data on the hybridization of 125I-labeled L chain mRNA (C and V region) with myeloma DNA have shown that 80% of hybridized RNA corresponds to near-unique sequences. This suggests a very small number of V genes, at least for V sequences with a high degree of homology (in preparation).
